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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser device which is superior in a spreading angle of 
light, kink characteristics, and temperature 
characteristics, and to provide its manufacturing method. 
SOLUTION: A semiconductor laser device is equipped 
with a first conductivity-type clad layer (103) having a 
certain refractive index constant in the direction of 
thickness; an active layer (107) formed thereon; a 
second conductivity-type clad layers (108 and 110) 
which are formed thereon, have refractive indexes 
constant in the direction of thickness, are provided with 
a ridge that is located thereon, and extends in parallel 
with the direction of laser resonance; and a current 
block layer (113) provided on each side of the ridge. A 
current constricted by the current block layer (113) is 
injected into the active layer through the intermediary of 
the top surface of the ridge, the first conductivity-type 
clad layer (103) and the second conductivity-type clad 
layers (108 and 110) are formed of semiconductor of 

nearly the same composition, and the first conductivity-type clad layer (103) is set larger in 
thickness than the second conductivity-type clad layers containing the ridge. 
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[a*«u s«^iS]i=-s«>BeT*$*-r«iBi 

titz 'J-y^^tS. 92 SBa<& >77K«i. 
lirffi 'J ? $?0>RB>l=Klt e.4xfc*3EBJhS t . 

sa*. 

WE«35iajt»(c«t y a?2F*vfcaa*<i?rE y ? s?<d±. 
s$^l r tirESttB i-a a * *u 

ltTE»l3l«S»t;»2*«M©^7^ K«l*. B&H- 

WEW1 Kia>I»tt> nrEm2»ms 

KSroKTE'J •yS>£#A/*£B»«fcy 

[a*«2] UE«3Kiajtstt. tn&o^v K»«tyt 

K** <y < JLoSirE* ^ KB <fc y t HSf* 
A</jx£lutiSfcfr&fc£c££!$tt£r5»*3ii Eft 

3?«rFl::ttlt&*tfeB2 09 7? KB£. WE'J-ye?* 

«j*-f£S3<7>*^ kb*, fr&fcy, 
ifrES2©>>7^ pmtm&ni3o>93v kb t<ora 

eft ^ KB tttafc 

eb<b¥3h*u— 7*aa. 

[at*S4] itrEmiiiEiajtstfrEy -vi?«)±®<o±$ 
a5j=5i=s(t&^fcm2»ss<oaa-> i 5^ kb£2 

StTEffiji* 7 v KBI*. bSES! 1 aa2«>* =7 -J KB£ 
BSP-<D«afiEro#«# A" & -5 C £ £ "T S a#JS 
1 ~3<Dl^-f*Lfr i o|cE«<D*at*U— tfgS. 

b£»b Ltz&mm&zm u 
u— ^at^fltai^Hssaisftifiirsss (z n ) *<a^» 
i=aA £:hJi^ES1±B<&li^rE»B«£JmE&®ttial- 
fca^Ta^*^?^b^ftTfcsc££^#«^:-r•&SiJ*a1 ~ 
4©t»-r#ta6M •3icE«<B¥aN*,u— *as. 

[a*E6] ttE'J *5?tt, fifc**tt«>x 
«fc y *iT£5c: i: £4#«£-f -SIS** 1 ~ 5 

[»*j®7] usai 3ias&r;m2 3>as<o^7-y k 

Bl*, -t^ft I n G a A I Pfrig&y. 

O^^-y KBettB'J vy^Stlit. oatt-tt. 

2. 5//mJil±3. 5^meiTT7fcy, 
ltrEm2aaM(D^ : 5-v KJSromrE'J -v-:?£#S>S:L>B 
JII*, 0. 2//m£LtO. 3 (tm&LTT:tb&ZLt$<fe&. 



ifsa. 

^fcttrE'J •vi?0>JSfi?©ffll4. 2. 5/lmEl±3. 5/1 
mglT-efe* C t Zft&it-t £SI*£7 Ett©¥a<* U 

— tfaa. 

[a*«9] itrESitai*. ^pstasBtsssic 
mm Lfc^aa^ #Faa** u 
urE^aa^FaacfcitsitrE^Faroaaii. 3 

BeLtsBUTFTffcy, 

**t-e*t<DlirE#FB<DB»l*. 4nmteUt7nmfcTF 

•easy. o%ei±2%j*iTfl>ffjea^gj«i**iT'5:-5 

- 1 t -T S»*JS 7 8 l=EB<D¥3H* U- 

tfaa. 

[»*ai o] ifrEai aaa&i;a2a«a<D^7^ 
i5rEaiaas<»<7 7-v pmommt. m&mmmm 

<D93v KSOf&Ey vSsSattBV^. <D£tt(*, 4 
# mJ*l± 6 ft mJsTFT?fc l J » 

MEy »j~?<r>mmo>&&ni£* soaeiJiTffcy. 

«5EU— t^^a^iailnS* LTSE<t^l«]lc^fcltrEy ^ 
i?<DJS»<Datt. 2urr\VL±3 j« mJilTtf fcS ^ t 

at-r*a*«i -5<oix-r*t^i oi=E«©¥a{*u 
—tfaa. 

SiTEai»fflIS«®i:liS»fflCD4S®lc. UEU— tf3tir*} 
LT 9 0%ei±<DS^**-rSSS4KA<^l+8*lfc^ 

t^at-r-5a*«i ~i oi-^-rtt^i oi=e«© 
tfaa. 

[»3R*i 2] s»^rfiii=-^<oja*$*-r*ai sa 
at, 

UEStta<7)±lc. ai5^iRll=-^roJS*T^**LI5E 

mi Katas^-«)a^a>^a«:A^'5:-5a2 

itrEi-v^^x h-y^a<o±«=. a®^iRii=-^©s 
^a^ro^ttA^e.'Ecy. ■e<©BJ5<!:itrEm2(o^ ; 5-v 

<3T)B»<fey ; fe^*<^*«fe5^. S3 0)<7 7-> KB£» 

HEf3(D^7 7 KB<D±I3X h7-f^tt©VX^$» 
fiE-raxSt. 

|irEvx^lc«feyat>4xr^JS:L^ES3a>^5ry KB 
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f&e'J ry S?©Wffi(c«3lEB.jtS£»Jirf SiSi, 

a. 

[*Via>lt«ttK&] 
[o 0 O 1 ] 

at;-t©aa#asi::Hu ^icst^r-rx^ K^-f ^©e 
v o t v -its. Eizm^xm afcB&taa©*** u— tf 

[0 0 0 2] 

[&&<Z>&ffi] jft^. DVD (Digital Versatile Dis 
k) *CD (Compact Disk) $fta©3fe-r-f 

O*.. 3fcfi7 8 O nmSKDA I QaAsSf**l/-f 
Jffll*|CD-R (Recordable) /RW (ReWr itabl 
e) , ifcft6 5 0 nmffO I n G a A I P&<D¥3*i*U 
— tf£ffll^5 DVD-R. DVD-RW. DVD— RA 
M (Ramdom Access Memory) Icfflt\&*l4&3t tf v07v 

zf\t. aajsa*a^*ii-'5fc*i=» <fcysi^?tai2i© 

[O O O 3 ] Hi lit ft*© I n Q a A I Plffl 'J -y 

-r£=b*>. mmts ly—^o^tmm^tmizMLxw-ntsi 

73l^ll-«)BrLfcBfil«jfi*a-r. *©afi££S!li&#llIII= 
»oT15lW-rSi:KlT<DJl3< -CfcSo 

[0 0 0 4] SfSl©#aS-Cfc*nSa>GaAs 
StS4 O 2©±JZ. nil nQaAl P^7";KI4 0 
3. I n G a A I PlMOW (Multiple Quantum Wei I 

) S14S4 0 7. f2 0>9il?^pil nGaA 

[0005J XI:. vO^'J KS4 O 8(D— SS*. h7-< 
:7)Un©3#£J»£hf£l+aLTl-y^>^f»*U G 

•y v<©i55B5tJ»3F h(D¥ag?<D±l=. 3I1©»SST?£> 
-S n SOT I n A I PI409 U S3SSih® 

<fr<5 0 * &l=a3!EEJhB4 0 9t , )vi>±&&m.5<t: 
aCLtf 2(D^It^plGaAsl4 1 O £ff£ 

[0 0 0 6] CfD^^nS'Jv vS«i£©¥&# U— 
-y=T?tt. U— tf 3fe h 407^77 KM 
4 0 3. 4 0 8£tta*SfcA©*£IlJ«S£ s F*§£ : R{iS 

[0OO7] m35R&Jh)l4 0 9*fltJS-r-5 I nA 

I Pit. 4 0 7$«j£-f5 I nGaP/l nGa 



-if<DH«iKfil=aLXK-Cfcy. fro, ^7*; KI4 

0 3, 4 0 8 £ I n G a A I P«fe U iH$r¥A< 

*tiit?«a*»^-r«t=lt-e)B:<. GaAs$ffil>fcl 
SSBiJhS t liJSfc « . * U— tf ft© * ^ 

©Mi::«fcoT 'J vTa>SttS»^»^®i=»ur*sF 
[0008] siasf*sa>#a#u— tf^as^n*. « 

«iil[tf5S^3tta*6<»&*t*. aSKIHJhafcLrnMG 
a A s rffi*H«T*#!ftSj © 'J -y S?ffl U— 9 s 

[0 0 0 9] -*t(=S*LT\ HHSf^#5ttSu— tf-eii 

5ttu**»5a^ gass&A<>h<*i.*fctf>. «ty»^a 
g-eii^-rs-tA^afc^y. sa»f«#i4A<*L< 

fl±-f-5. z<D«fc7£fSBSri£»iftg«j&l*. 5mW~ 
2 OmW05it«6<I/h*'5?ttiJ*T?l!lff-ra i l i at*U— tf 

kittle, atr^-S?:>©lRl-t. £att©ft-t££ 

[0 0 10] 

7 'J -y i?S©HB*f*»iKS U— tflciiElT©* 5 £ 

[ooii] ne$f*#ifcs u— tf-ei*. « 

^®«f*»5KMLx— tftJtfcy* a35EihH4 0 9(=* 

7£»arr-5u— tfsti*, a3R®JtS4 0 9©T©pM 

^7^/KH4 0 8 -\f>«3!EBaJhS 4 O 9~>CD T L^ti Lj 

&&mm*imm&m\s— y**y^:#<«c-5. c©ct 
is, «*H&f*sa*M u— tf ©s^t c^m© u -y 

>S3a-|Sl©l£A<y^e I I *<^*<'5Sc:i:$3gi*-r*„ 

[ooi 2] bii 2i4. nmvimB&mis— tfta*® 
Sf*a»a3?s u— tfi-isi+sa;^ yflftjfo-T— **** 

pS?5f KJf4 0 8$«J5E-T'5 I nGa A I Pi©A 
I *§du "T'Srt)*). iffl^ I n o. 5 (Ga 1 — X A I 
X) 0. 5P IziSl-tZA I *Bj£x£x = 0. 7iU 
^ 5 *y KJf J?* 1 . 4 ~ 1 . O u nrv U -y i?JSSP©fSW 
l_£4. 0//m*fcJ*4. 5 /am. p^7 7Ki¥a» 
J5$h = 0. 2(/mtLfc. Lt, C(D^ll:fc^ 
•C, Jt^l-»LTSH^|SJ©S£*<yfl9±. *¥^Ir1© 
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[oo i 3] hi 2$m*t. aa^f6]©ffiA<yfl0± 

14. ^=7V *mW-tfm Cti1bix\t. U— *f«Htl= * 6T 
FPICfit (23S) t'SoTL^^i^A^o * 
¥^|SKDtt!&<yfll*. KJW»*1. 4/lm,WL 

=4. 5i/mtLfc*-&. *XH*r**a*s U— tf©« 

^8. 2£-Cfc-5*<. MWWttU- *<D*£7. 
5 S. t 8 &5fcj8 t ft o T I**. 

[0014] DVD-R/ RW/RAM, CD-R/R 
8SBLtft<a*Ll^ £€>|ZWL$/J*£< Lt4. 0 u 

mt-rz>t8. istfty. afcu^uca-r*. l*» 

L. gB*»<DfliHtft-3T«ai*1436t*ft: 

•r&o *f=. jtT-c x^<ost«ia)fc»icssaaai-«fc 

S£IB*<frft:h>;h-5A<. *qF-«8tii*a>fctf>(=&»ft£ 

[0 0 1 5] Hi 2l=aLfc*5l^ p&0??KJia> 
MVfttl. 0/zm. 'J •yi/JS&flOtgj&M. O//m<0«^ 

1=14. u— tfrn^ron^mffiv o P i*2. 6 1 ti?;u kt? 

1. 4//mtt5i, SttWEVo pl43. 17*th 

*T?±^-r-5. c(o«fc5(=* : f-a>iiiftaff*^<fty. 

SXJ|g0!>JM*«ftl=** < Rft-T S - 1 i'l&Ii ft 
l]&$*«le]& ( I c) fcLT 9 cfcl* 

^(o-y-^rxoie/K aaHttoai&aaats-tt?:??* 

^•><Mb£HSft<tf<D^m*<3S;ffi^£ft».*£l>-5. J£JB 
[0016] cctf. wL$/jx*<-rst'J'y2?lI±SS 

<D4gWu t'J^ < ft£<DI4. *l=l*ar«J:3l=. 'J V 

s-r •s.fcai^-y-i^^LTu - 
sctift*. 

[0 0 1 7] — tS. <?^»J KKOl^Tp, Tn£jt< 

mii. y^i?«*6</h$<ft-5f=«). scwL^fi 

fcft©W u tt*# < 1 4 C i A<"Ct L*>Lftrt<t>. 
J_<Dffi (26S) fre>fS8€>j!>*ft«fc-5l::. ^5vKJI»* 

Lfc«^. 9 ±&mmi~Mfia-tZo 



JSffl±*#ftHffli:ft<&. 
[0 0 18] KJI*»< L-T^St. 

«*»*r*U— !f*«>±T^9t» KS^a>L^f£L3t 
(D-^<nlGaAsS£, <fctf p IQ a A s 3 

fc. S«S(D9iaK%aaA^H¥l=^A) (5. 6 c 

m- 1 ) -r*. c©fctf>, suuffiaffii— tf<o^ y 

[OOI 9] *^*ffi*-CS36LT*e'y^T^^*tt 
3Kt3fem*tC5ia«l= T4r>^J LTI4ft S>ft 

[0 0 2 0] Hi 314. SbftW&tftmJitoM&lz* 
Lfc<fc5l=. *>*I4. 18f£(S3S I o p b$ttiiJ3 Pot 

«>B«*it7'P7 h±ro^#ftSf*itt*<y-efcy, * 
dLoma^jt \>v<?7v ?i±a£i=tt4t Lft < ft 

[0021] hi 4i4. *><7tfim±-t&ms&&m-t 

«.fcto©«t^:H-C&4. -Tftt>%. MB (a) i:SUfc 
«fc 5 1=, U— tfa)Stt»4 0 7 lc«3SA<5£A*HT*3t 
-tUT. Hi 4 (b) fzftLfeJ:? 

i=. a^-K. -rftt>*.jSttS4 0 7(»ffi^®i=stLr 
A^ 1. 1 jfc^E- Ki=Kfls-r * - 1 i=<t y . *<*^-r 
[0022] m Qwsiti ^*-r •& y v s?a*»* u- 
©statft^mtttt^fi^os*^— Ki=M-r««i 

[0 0 2 3] LA^L. 3tad**<»+mWJJl± < !:ft.5Sai 
fc£lW4a3Sl OOmAfel±fl)S5£A«3Slfe# 

J:oT. i£lcm^-jE7l»<DSS^A t #«Llc< < ft 
*ao*-vy7aAf=J:oTaSr^«T-r-5 r^5X 

i*«-K*yt. mt*-Kti*c»m. *ya 

*(D=E— KA<a^J^**-r-5<fc 5 izft y . =£— K*ft 
[0024] co><t3ft. tt^— Kfcfl: -Sf= 
t?s*a)=E- k t en*s«itfrr« c t A^sicft 

t03S«»-3i:Lt, HSa®Sr*SA neff ^/Jv 
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5U- tf3fclc*rr43?$iH8r35n2eff t 
©g£&-ffS:fe!lH$r*S A n eff = n 1 eff- n 2eff AM* 
&lt*Ui4i£lt|S£. S*^- K£:S3fc«=E- K0>f>J*§ 

[0 0 2 5] B81SI*. C0*5tt**.l=S-5lvc. 
f 1 1 -23 38 83f^ai:6^T, p^^^KJife 
<fc n <? 7 KH<DSSr*A<S1iS^ Lfctf 
ot«*t*B«*»*t*L, fro. p*79Ki* 
ytnf75< KSa>BSf*A<SOJb\ fc£ IM* p <7 =y v 
K»»J; y 4. n * ^ K»«A<J*< S14«l=» L 
T#»ffcfc* 7 KS«jt**-r* A I Q a A s 

<*u— tfsajiSLfc. c©«Jti=«ty. &^mic**l-c 

7 K2F1± * Cilery, A neff U U 

[0 O 2 61 tztz.lt* InQaAl P^7f Ki 
I no. 5 (Q a i — X A I x> O. 5 P0>B8r*l*. 

iftlCli. U— tf$SS£f£§l-f SMOC VD (Metal-Orga 
nio Chemical Vapor Deposition) &Hfi(ftB$(DA I $3 
ja££<b£-t*fclt*tlf>3:'b>S:l\, I n G a A I Plcfcl* 
*A l*§j£l** ^S^ftl3fflUS*«*a^-C$»*T 
MA (Tri-Methyl Aluminium) » TMQ (Tri-Methyl 6 
allium) . TMI (Tri-Methyl Indium) .. 7^X7-0 

(ph 3 ) RXf*ti?ti<»zrn-b*1Jx<D3&a.ttl-&i 

-e ^ p -t x oata * 4 -7 x 77 p — > — f o^ 

1 -2 3 3 8 8 3#^ffll=iH***t-C^*«jt 

[0 0 2 7] $?>|Z, ^ggspi 1-233 883^9 
l=M*TH*$*l.Tl««4iaii. P <7 =j V KB*'J 

Sot. ivfc>^.& l>C7y?$?Hj irifnMxSflt-iSfc, 

mmtfrmmmmt. «fcya;i^ai*>£»sfctf><Du-- tf 
[0028] a^-K^b^tssrrsfc&oto 

'J Lfc«^ Aneffl*£ 

it L & 1% UK MX.*- K0>5fc3£«aW tf — * t tl 4 'J 



- KHjgofci&j&sfcy -vsJsafis^ofij^^&^ic 

<<£5. C*L&©a»l::J:oT. KA<WH* 

[0 0 2 9] 3t : f-<X<7ffl3ttf y^7 , 'y^l=ffl^c>*t* 
•jy^BOJHMtu— Wit. ±tLt(100)fi 

ffit-T*^, fe£LM* (1 OO) fr& [1 1 O] 1S.H0> 

ea*fc^iRi^asA^ i 5S«itfc®*i®fc-rsQa 

y. y vvmi&<r>*y : ?><f&&<Dtztb* (iii) a 
mi^z>ti&zti><$i\ c<z>«fc5fcx»/^>>f-cM*. y 

•y2?Bfffitt. Hi 1fc3lM±01 4|c«LfcJ:air#» 
Wu(*2#nvgfi£fc£*^j!><fcS. 5fel=Sl 

mismmzmz* wtmz&wismuamKtDmmtts^ 

[0 0 3 0] w*ie>(Dj5£#JtLT;* B»"b<k. ST& 
I*. 'J -yi^JiElcK^-fl-y^^Sffl^T, 56^1=55 

^ftSUfctSSL-Cl^ (^*t^*v, SS4 7@£ffl«B 
a^H«3^KI3l# 9131^18*. 29a-N-8 s 2 
9a-N-7, 2000^3^). LA^L^A^^. it~a 

[0031] 7i7hi^f>y©«^ yvi?ai=it 
h-y^»*S(T5cticj:y. x^»^>^as$ 

tE5Jf*t6lt*Cilc«fcy^fi£-l?#4 0 Cftl-ttLT. 
K^-fx-v^^^TI*. S*5»2(Dx.>^>^$l7'5:t^ 

y, 4iffl:2L*ofc. 

[0032] *J88l*fr*>£^g©^U=»-3UT£;* 

^s:<. ftffia<yftfi-*>*>*#i4. ss^tt(-«tLfc 
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[0033] 

<D_tc:fSite>*u a«*ran=-3g<DB»r*£*ru 
S23iiso)^7f Fit. itrE'J-f 

Jfil=SI+?»*tfc«35iaitai:. ftrEaaEIHJta 
ir * U tt? * *tfc*3S6<«irE U -v ~><D±m L TWE 

sttJficaAStu lirEsn »«i&vf 29ti<o^ 

8§|ia-<DtfJifcD¥afl;*&£y. ItTEmi 

Tf. U*;nb<J5<* fro. SiSlSf^RriiKEJtT^ 

[0 0 3 4] UEaSlERlJtHI*. IJE^77K 

[0035] mmvimm&mom&t-r&z 
[0036] *fc. iaESr2s*as<D* ksb. w 

E'J yvOTCKlt 2 (D^-y KS£. WE 'J 
9^iAt2S3()){r79FI2:. fr&fcy. ttEa 
205*5? KitfE»3fl)^77 h*S(t<0[ail=. C*l 

*ir asc * * © t -r -s - 1 &t> * * . 

[0037] -foC*)^ S-y^S^Slt* 

[0038] aBaanjta&acj v9o±m 
BSS&rcax.. ffrEaa* 7 ? KBIi. flaE3n#a 

[0039] tm. aa^^v KJi*»it*cii= 

[O0 4 0] £fc, mTESttBli. '>6<i:t2aS(D 

^sssffi#isi=®ia (zn) *<a«wic^A**tfltrES 
ft r * s * (D t r -5 *< t? £ * . 

[0041]^%. l*t>*PZ&m&$:1&f&-?$>Zt 

icty. coD£f»i*-e^ai2>l!0>u— tf$^s^t*< 

[0 0 4 2] lirE'J St5#J$tt©X-V^ 



>y 1= <t y »J£ £ *VC * * <0 1 r S c t £ 

[0 0 4 3] rfc*>%. Xv^iaaftMWMfctt 

[0044] itjemi «mMxvm2 3iaa(0'7 

7yKIIt •€•*>. I nQaAl Pfr&fcy. lirES 
Ii911fl)f7f KS<DB»i. ltrE»2»«S©^7 
KBdJiaE'J -^^tBSi. <0^fH4. 2. 5tf 

mi9i±3. 5 jimjaT-efcy, fltrEa 2 aas©* 5 7 

K»©WrEy7 5?$**<C^JIJ»tt. 0. 2*/mJa±. 
0. 3jt/mKTF-efe-5*<Di-r*tli. DVD-R, DV 
D-RW, D VD-RAMfctN&ftikfcpnilfcTfc-X-f X 
*ffl&«::#a£6 5 0 nm3&<DSHJa¥#t*U— 

[OO 4 5] £fc. UTEU— tf*fi^lRl(=«LrSlS<t 
7J|Bll^fc«irEy -yi?<DlSSllOffll*» 2. 5//mfcl-t 

3. sj/mJiLT-efcataJt-ffui. ssm*-C3to>s£A< 
[00 4 6] £f=. firESttSI*. #p«twsat* 

asizaBLfc^aa^Faa^u itrE^aa^ 
#F«ai=*>(t-5!?rE#Fa«>astt. sa^-tsaia 
T-cfcy. -€-*t-e*t<7>i(rE#Fa«>sai*, 4nmja_t 

7 n mlelTI? fc y . 0 %U± 2 %iaT<Bff &MfrifiWtD 

D — R» DVD-RW, D VD-RAM^EifCDaa^W 
fig'5:3t5 I <X^ffla»=»a'5:6 5 0 nm^lDBfflAfi 

[0047] *f=. itrEmi »asxt;s2»aMa>^ 

6 // m JsITT? * y . WE 'J 5?©ffllffi«>flS^ft I*. 8 O 

aei±-efcy. itiEu— tP^STjisnz^uTsajEcTjriRi 

iC^fcfllTEy V*><D&U<Dmt. 2//m«±3^mlUT 
T7fc-5t.©i:-r*llf. S«ai±S*L. CD-R/RW 

[0 0 4 8] U— tf7t<DdJS*fl!lSeSil=. ItTEU- 
if3tl=^LT1 5%JilT<0R^$W-T5SltlSA<lSlt 
S>*U ltrEill^«!lSgSi:l*S^«ia>ig®lz. liTEU— tF 

3tic» ur 9 o %&L±o>&.mmz m-f z&.$tm&wut s 
i*. a«7j(6jic-s<oasf¥$*-r.5mi #asosi 

(0^7^/ KS$^J5E-T-5XS<!:. tffif 1»ilfl)^7 
SJ?7j(nH--Sa>B»r***LSJrE^i ©<7 7»y K 

a t &fsi-o>&m<D*mtefr c -sm 2 ^aMrom 2 <d 

^7-</Ki*Mt5lSi:, S5ES2©^7 7KI0) 
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*r Litres 2 (D*^ kh£b§p-o>«j£<d3I2SI«s 

0*3M*fr&£y* ■t(DW«tl!rlBm2©^ i 5-v KS© 

SJ»t$^ttLfcS«^ siriaai ro^^-y man * 

*y*/J»*<*r*J:3l=, % 3 0)5 =y 

l5E'J«y^<©i3SllSl=a3![l!lJt»*»^-r*xai:. 
[0 0 4 9] ±E«fiEI=<t*ttf. ^14IC«^fc3t7 f H' 
[0 0 5 0] 

[#SK<D§li£<B«*|g] KIT. H®*#fiiLoo*5658© 

[o o 5 1 ] (mi (ommnmm m 1 1*. 
[0052] £fc. H2i±. -tfljjfeaiwaBffi^iaajffffi 

[0053] *|?J6»SSa>#3*<* U— tfSlia<DSSP«jfi 

icot>T*-ri»^-r4t. i liai^aifii 02 

fl)±l=. Il8iI©»1^7fKi1 0 3, MOWS 
61107. f2iSK0«2^7^/ KI10 8, $2 

fit, z<D'j v v<Dii<Hicmi ^s^«>m35Bajts 1 
1 3A<tai+ &*u ^<ib(D±*i? «fe5«=. ®2#«s 

1 o 2<7>a®(=i*mi WiSrofcttroi«i o 1 *<glt 

C,*t, a>$t$ KJfl 1 4(D±|C|*m2#®S(Dfc«>fl> 
m«1 1 5jb<t6l-te>*VCl*-5o 
[0 0 5 4] f lf7f F1103, S2 

^7vh'no8, S3f77Kn 10 -tn-etto A 

I *lj££B&-8l<*-a:TJfrt-l?i$-±:U ^f1^ 7 7 
K»1 0 3 CDS* Tn$$2^7f Ki108i:S3^ 
=?v KJgl 1 0<DJ££££L£-:b1*fcT p &Vt,*tL 

[0055] c<o*3i=-r-5i:. gfi^iRjst;*^:^] 

[0 0 5 6] 3=fc|^8tlz v KgOAIIW?- 

gWT?i§js^-^-rscti=<fey. «t 



[0 0 5 7] Jfcl=, *HJfi^lS©¥»<*U— tfsaro* 

[OO 5 8] *1\ &1 ^SMWfSSSfi 1 02t LT 

ttSS 1^7vKH03t LTIt nl I n 

0. 5 (Gai-xAlx) 0. 5PI (Al««x = 

0. 7) Sffll^CtA<-C#-5. 

[0 0 5 9] SttSl 07tLTI4. -^©T^K— ^ 

01 no. 5 (Qai-yAI y ) o. 5 PS3fc#-f K 
Hi 0 4d)HI|l:, 71/ K— ^05 I n Q a P#pf1 0 5 

T> K— Ino. 5(Qai- y Aly) 
0. 5 P»SH1 0 6i*3£5lr«JiLf=MQW (Mult 
iple GuantumWe 1 1 ) ftaS^ffll^CitfT^-S. C(DM 

ow«jil=J*. «*l*o~2%<z>ffil8lvr«*£W»J-r 
■5. ^<D«fe7JSffi«S*3»A-r*Ct(=J:y. SttS© 

SS^SE (Slope Efficiency) ©iiim^BoT* *yffl 

ft^E — KT?&'5 T E^ — KtDfiJ&tfTM^E— KOfimJ: 

•5. 

[0060] B2Xt;0 3IC*5lvCI*, #P§1 05$ 
2itLfcDQW (Double OuantumWel I) &&££L 
f=. Sl^^-CSSl OmWJiU:a>StB:&>W§&;h.-S I n 
G a A I PgfflU- tf$ftS!-r4fc«)lCtt, JfFIfttt 

2 — 5fi. #FJf<DJ»£A<4 nm~7 nma>j£BT?fc 

y. i¥wi!Lt#wmmzmctz&mm&i oo nm~3 

00n mOeHrticS^-r S<0A<M* LIS 
[0 06 1] fSSSl 0 6SJ:yjt^ K*1 O 

4<DAUSj£y=0. 4~0. 6t-r*-tl=«ky. £ 
7«;KI103. i 08 K4f>»-/:?M£$t&L 

5t«tt,l=. ^77 Kitfl)n , >m-^SS*S< 

[0 0 6 2] MQW5SHH1 O 7 0)±JcSSIt-5S2^ : 5 
v KJf 1 0 8£LTI** p£N no. 5 (Gai_ x A 
I X ) O. 5 P*^t- x -5-«t I2^77K1 

ft^> A n effi::*£>oC£S£-^x.-5 "J -y i?¥fiS?S* h 

u— tfm+z&m-zt&o i2^77h , iioa©Ai 

ffl^txt,. O. 7^:L-CL^-5. 

[0063] 82^7^ KJB 1 o stt-hlciSitSi-:/^ 

>^f-7 7*I1 0 9tLttt. pMln q (G a 

1 -Z A I z) 1 -q P£ffl«^5C£A<T?#. -e<7>-h© 

13^77 KJB1 1 OtLtlt pllno. 5 (G a 



(8) 



^2003-7 8 208 



1 _ X A I x) 0. 5 P£fflH-5C£jb<T?£S. 135 
7 1 0<DA I 351 RlSmz^'y-y KM 

[0064] *fc. *)v*><j>±.m~m-ts>m.w&w,m'\ 

1 1 fcLTI4. KSl 1 Oiria^*? hjf 1 

1 4«k<DflHcD/<:/K*-\"y:?£*rrS I nGaP$l 

Jh»1 1 3 k. LTI4. fl3tiftfil;»LTaKJ5:nS I n 
A I P*ffll\ 3>S^H1 1 4i LTI4. /OK* 

[0 0 6 5] *fc*fc,l=. U— tf3t*<Stai**lSm«ffl 
<D4gSiSI=l4. U— tfJtlc^LTI 5%KlTfl)fi«*** 

-rsesaten 2o6<ssitb*i, a iratiiE 
coasicii, u— y t 3ti=«ur9o%ja±a>fi«*** 

-f SSS&Ki 2 i tfffilt&JvtuS. z<D£olzTix 

[0 0 6 6] JJl±15iWUfc«JSI=*5^r, 11*??K 
Si 030l*Tn?. 52i?77Ki108il35 
7? K»1 1 0<DW**SL^*Pl±f=ff*T p«ty 
#<-f-5e C<DJ:5l=Tn>Tpi:Lfcl^Si*ifil=«fc 

[0 0 6 7] BJ4I4. #3K*U— tfSEai=fclt«.Her* 

tttftTtsaa^sa-rsseia-efcy. (a) 14* 

$BlSa>¥3M*U— tfSB. I^H (b) l4Jt«MW£LT;-t 

tohj^v vmmzm-t Lfc*a»*u— tf*wi=oi» 

[0 0 6 8] £fc. B5I4. U— -ffttBK felt* 

'j •yi?©Bfffi^tt*a-r«scB-cfcy. m@ (a) 14* 
to ? =? -j h*ajs*p-t Lfc*»*u— y«ai=o^ 

[0 0 6 9] 14 (b) l~£Lfc«fc5l=. ±T5 

7^Ki4 0 3, 40 sajm^m— iz-rzt* 

[OO7 0] dttlz^LT, H4 (a) (c^Jix* Lfc<fc 3 

-rat. jt^fi^iistts i 0 7©jaesic 
jsivr&^tfcy, pif 5? kjh o 8, now 

Cfc&i&l-iST L. nSf7 V K110 3 WT*l*S^AMc 
ffiTT*2E»i*fc*H&£>5:-&. o£y. ±ffl©^7-;K 
1108. 11 0(Cfclt-53feO)»^<Dffl^$«a-rSC 
t*<t?^-5. zotctb. pS^^vKHOs, 110 

LTt, &m±mmtm<vfte ±0)%*. 

if*t.*Bfr>5:l\, o£y> *&BJ!I= **U4\ @4 (a) 

©lo^^-y Kjfi o 8. i i o<D®m$m<-rz>^kt>< 



[0071] C(D<fc7 l^±{ffl<D^5 KBl 08, 11 
[0 0 7 2] 4IX.I&. 05 (b) lzm7KLtz£?13:±T 

*m<J>'? = yv K»*ait/=*^l-lis Hi 2ICHLTKT 

2LfeJ:7l:, 571/KI4 0 3. 40 8<7>SJ5£l. 
1 um&LTk-r&kXOttHWft&Uk'nis— tf^tt4< 

<DT*. i ;«>i?fflWL2t»Ut l J 7vI±«Wu 2©H 
«*,B££;h.-5. f©eSiLt, jSiEfciSBKDSR^S 
tt*^-5fc*«Cli. 'J 7vfSWL2li4. 0-4. 5*1 

[0 0 7 3] :fti:»Lt. *4B9II=J:ttf*. B4 
( a ) l=a Lf=«fc 5 l=HBSr*3»*SU— y 5 ©^ 'J h 
t4i6»UOO. ^77K110 8. 1 1 OA)II$I< 

-r -set t ©eit ut, 'j7vi±«wu 
1 $/h$<t5ci<f<, y -vi?jsgjewL i */jx*< 

[0 0 7 4] *fc-#. itU7iJ(SWL1$§4S^ 
I=I4. U?9n±MWu 1 (Wu 2) J: y Affile 

[OO 7 5] £33. ^IflJPl 1 -23388 3^^SI= 
fcl*TI4E**M=£;tVCl*fc^A<. 1^7"-/ KS« 
iflc#3lvCI4. 3t^fi»flTA<#f««!i:^S^tT7. FF 
P (Far Field Pattern) <0 fcf— £ 4<Sf n Ul-fS < H 

ftSAex ii. o. ssiart-e&y. ans^tr-tr 

[0 0 7 6] @6I*. ^BSf^iKMU— tfl3fcltS3t 

roffiA<y^g<t)T-^$Si:tofc-lf«-efcs. :ct 

14. 'J vSS?«WL = 4. 0//m. * ^ KJfO)Ji« 
0)^ft (Tp + Tn) =— ^ (2. 8*/m) tLt, p 
1^7 7 KSOSJ?<0^H-T p. n M<7 V KJKDSJ* 
TnS3E<b*-t±fclg^CDffiA<yfte±t0 I |, 

[0 0 7 7] @6l=aLfc«fe"5lC. *56^a>lf*f«i5 ^ 

itu plf7-j Kffl<DSJ5* 1 . OiimtU y-yi?ja 
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[0 0 8 7] KJfl O 3©±IC. 3t*V KJfl O 

4. #FS1 0 5, 0 6£fiEfiU O 

5£ESJf 1 0 6£XSl::«S[5]fi£§U S&lzjfetf-f 

ksi o4*figft-rscii=j:yMQwaii4Si 07* 

a p*gg<D»^iaRM><s« 1 o 2 a>te?-faHi«fc y O ~ 2 
•K-e^o&s.fcoiSSU o ~ 2 %a>ffi»ivr#-;&<Bi 

»l**t*J: 5 

[0 0 8 8] MQWSttH 0 7«)±IC. &23MSS<b 
^«9^3»#-efcSpM I n o. 5 «3ai -X A I X > 

[0 0 8 9] »2^7'; K»1 0 8ff)±l:$2««Ift 
^fti|£5|(*-efe4pS I n q (Qa t _ Z A I Z ) 

f>^Xh»j7"I10 9lt. q=0<q<1, 0 £ z < 
ytU^7"; KJfl 08 *yA I L> 

MQW5SHJ11 O 7fl>Hl/K*+77"«l:y*§< 
a^Sfclfi^irfS. KSl 08«fcyA I HJ$ 

*«<-rsc:i:ic«fcy, <j v v&mf&r ztzikizmi^z 
y *v i?^BE*<fT & tl -5 * a i=r s t <a -e & -s . 

[0 0 9 0] Sfr, 5£tt/f 1 0 7J:IM>K^^7"$ 

^*<-r-5ciiz e j:y, sttiai 0 7*e»-r«ix— tf 

3tfl)3taSWlff^l>77'I1 09StU 
f= Lfcii^l=s U— If jfetfx ^ h-^ll 0 9 
Ki»J|Ji«k*i£ci:£|»jtU !fWfc6«lt»* 

[O O 9 1 ] l7f>^l-y?Bl O 9©±lzm2# 
ilTfeSpI I n 0 . 5 (Gai- X AI X ) O. 5 

p%^'?=^v*m^ i o^^-r^. ^aiKw-r-5x»; 

%2.^=jv KJfiPCflSx =0. 7£LT^-5o 
[0 0 9 2] S3^7f K11 1 0 0±|3 I nGa Pffl 
1 1 I3^77KI1 lOiplQ 

aAsai/J? H1 1 4 tajfelO)/*:/ K^rW^S 

[O0 9 3] ei±C&«JB«i£0>±ICGaAs*-Vs/:?Ji 

utyau x?0iiai>fiff a*£ z n 

Biles i 0 2 fcfc*©Si*f*«£»J*LfcSL ffiStLfcl* 
Lf=SS»l=^ilJS(OZ n S^TTS G a A s Jf £*S 



[0 0 9 4] **LM4. Zn0 2 6i\ Z n 

U 7* HJ v??7<r-M 
l=J:oTBttlt1lk*(T<t3*a**«. *SSfi*l«3lC 
I*. *4vF4UMHN=*tU 1 0tfm~40<fmtfaa 

a>3t»J|R*<6 0cm-1 sarefesfc*. 

[0 0 9 5] Znffigi$Si£l 1 2 Si0 2 ft 

t'amnttm&mzM&L* 7th'jv^77<-af 

friz?. Z<DXV- 1 y<<-?&L9Y<D&#0>m3 9 : 7'V Fmi 
1 0£StS#iStt©x.;/^>^$fc£flHvcf&3:U ibtt 

x h^-r ^-cfc-sy ^i?«-iS*»fiE-r-5. i7f>yx 

h^/^Sl O 9lzJ:oT. X"/^>?(D|SJi&jS*<*S* 

*u nsttfl5«fet>y vi?]»A«tfT<cx.«. x^>$fx. 
(-■y^Jli o9i*, *0£*aLT£i*T«*i.v&t.. y 

?$?B©»#£»lSf *y— - f SStt3b<»Jfe**t««-&(c 

i*. y st»i»2ttrox»y^>y 

[0 0 9 6] S3^7f KJS1 1 OlD'J'yi?©^, 

ta-jS7ti« i Jvy77'f-affi:j:y > y^s?-tst 

affirogSSttlfeSIBl::** LTZ ni£»£fifcofcg?#-<Z> 

±<D^8SLtMocvD«s8n?. y^eJBoi 

IS* LfcSJ#<D±l=. InAI P<B3IS?fSilfiEfiat*T£: 
S3!ESih«l 1 3$»jj£-TS. InAI P«3Ke.± 

si i 3i*»-r^-5ts«?fiEfiA<ssti=3fty. mt&z, 
fc«XBjL*Mk*ttt tnmzzo. 2~ 

[0097] n$im±m-\ i 3®j$£€L s^as« 
**mau siB{*«sigi^x.v^>^*-r«„ 

13. MOCVDiBSga-e. m2»SM<b^«!l^s»i*:-e 
fe5pSGaAsa>$^ H1 1 4S»SU pftim 

[0 0 9 8] £l±<0^ftfiES*^ofc^ HS^EiflC 
<fcoTPfflSI=l*An Z n/A u ^Eif«) p ffllSa 1 1 5$ 
}g/£U *^l:nlQaAsifi$60/(m~1 50/1 
m«)J5*t)&^«>:5WgLr. -tCDaSfflllc n {!«& 1 
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[OO 9 9] (£2<D3S1S<D»SS) **W(DI2 

[O10O] tJSt>%, D VD-ROMfcflCflH^&tl. 
3taj*6 < 7mWJiii-C2 OmWElTCOatT-fX^ffii 

mi HJfi^SHcliLTlJi^LfcZ n$fcffcxa£2ll£L£: 

[0 1011071*, c©«fc5l=S*ffljg«iS*fiHvri:: 
fi2f£Lfc I nGaA I P^©#3M*U-^8a£a-f- 
SPBf®^«ia'e&*. ^0U:OI*TI*. Hi 75^061:: 

ea brim Lfc4,a> t i^«(D5aiiciiig-(D^#* # l 
rPfifflJ5UiWi±*iisr-5. 

[0102] *fU6ff£fi&ira3ivc*. smm^i^ 

[0 1 03] 6S. DVD-ROMffl«)jt2tLtlt 
>77KI1 03, 1 08 I nQaA I P<D 

Alffit$0. 7lir«i:-r«^<kA<a*U^. 3=fc. 3fc 
©i4«yflfll=2 5~3 2ffijb<S#£*l.5fc4&. C*l 
iZ-g-tPi+r. £ 7 ? KS0)SSC(D^t1-T p + Tn = 1. 
0~2. S^mitSCi^iSK, Tp+Tn = 
1. 5-2. 5 umi:irZiZttf2t>l-m*iLl\ 

[Ol 0 4] SttJf 1 O 7£«J5E-r*MQW«i£ 

<7>g»<D^fH* 100~300nmtU #FJS<DJIJ» 
1*4 ~ 7 n m-C^<DJSftli 3 ~ 5 mtfh C t *<M£ L 
IV £7=. pS*7f Ki10 8©'J -V ^Km<B«S#a> 
JfJShl*. O. 0 8~0. 2(/mtt5Ct6<i*L 
l\, 

[O105] (S 3 ©lii£©ff28S) *«M(DSS3 
X£ K^-f "^iCfflL^&H^ 7 8 O n m^©A I G a A s 

[0 1 0 6] 081*. #§tJ£J&flg<B¥8H* U— " tf^S* 

a 7 ten lt ttr^ Lfc t © t n«rosfgici*H-<o^# 

[O 1 0 7] *&MMmzt$l*xit* >7-;Ki10 
3. 108. 1 1 O^A I x Ga i - x AslC«fcyjKJ5g 
U ^(DA I H8j£x = 0. 4~0. 5tt4. « 
SSB&JtJll 1 3t A I y Ga i _ y A s d <fc y J&JlSU 
tfl)A ltaty = 0. 5 1~0. 6tt5. £fc. MQ 
WSttg 1071*. Al u Gai_ u As A 

I v Ga t _ v A sPSSnf il-^yjfcfiSU A I u G a 



1- u AstPlfl)Altl)«u = 0. 1~0. 2. Al 
v Gai- v AsPIIMO)All8iv = 0. 2~0. 3 
5m. C*u&a>/< J 7J»-^»36»=«fcy. &»S3teifl 
Ca«WT*Wl, « U # t>ffl • S3S¥0> 7 8 O n 

[Ol 0 8] CD-R/RWfflie1?lt S£j6<y^0± = 
1 3S~1 9fi, 0 I I = 7 ~9ffiA<3jttf> 

a^ffljtT-fx^icja-rsit^yft^^sfc*^. h- 

>;W)^7*; KS»T p + T n = 4 # m~ 6 X/ m©81 

•v KS«ufi-cm5<DUt*<yft0±t'B:y. froa#fc5» 

ftftt&ibft&CDI** T p = 2~3//m(0lEHT?&*. 
[0 10 9] (m4<&ISl£(D«aB) *5SK<0»4 

[0 110] -T3EC*5%. 1 6(SSa±(DCD-R/RW 
|C*«)f,4l*3tS<D3tm73l*. /Uxaatl 6 0mW 

■5. Br5<Ol£*«yft0 I I SBfeU C<Z>«fc5fc 

1 ~3//m*<B3jt*;h.. M*L<I*2 jtiiru *C,l=-€"*l 

[Ol 1 1] H9I*. ^0)J:7'S:S3R*5Sfc-r*38K<D 

I*. U-1f©*HHWIlB**6*fcKll«Jl*«-r. PH 
IzoL^T*. HI TiSHSJriiLTlJraiLfctOtl^fil 
OS*l=l*H-<D^#*tt L TPffl J5rift^l*«Ba-r 4. 
[0112] *HJ6»ffiil~feL^TI*. ij •r^©«WL = 
1 ~3//mt«ATlS»<Dy ?2?*M1*«. w<D*5 

*^a*A<SLxy ^i?}gtt*^fiE-r-5<=i*. y 
x- y ^>^izj:y«fi£-r<sct(*i^(za»-efe* 0 ^e- 

V?-2s91fi % $>Z>lMtR I E (Reactive Ion Etching) 

mtm*3v Ks«j&i:ia-&t>i*4cti=«fey. i* 

[Ol 1 3] H9I*. T-y^rtSPSlitO^SaL 

fcS!*Jft*lftCt-5Ctl=J:y, CODJSMttSSl* 
Si H«5»aS«!:B#l?ife-S. 
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